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f  RfttJ  jotk  ftiHuary  igog. ) 
I'NTil.  comparatively  recently  definite  knowleciKe  roncerninR  the 
distribution  of  inorganic  and  organic  com,).»und.  in  mutcic  fibre  ha.l 
lb.-et.  somewhat  meagre,  Thi,  i<  Hue,  for  the  m<«t  ,«rt.  f.  the  fact  that 
lnu..>  of  the  micn^hemical  mcth-HJ,  have  Jieer.  only  lately  intr.Kjuce.l 
lint.,  histological  »tudy,  then,  too,  the  ^mall  amoun..  in  which  the.e 
^ul.>tAncc»,  and  the  mineral  saltn  e.jMicially.  occur,  and  the  minute 
..tru<ture  of  <.triate«l  muHclc  also  render  their  .leinon»tration  .lifficult. 

In  the  folUming  pages  are  detailed  a  series  of  observations  made 
ItiiirinB  the  last  two  years  on  the  micrcKhemistry  of  muscle  fibre  chiefly 
l.,f  forms  amongst  the  Insecta  nn<j  (  rustacea.  These  observations  are 
lunfortunately,  not  at  all  as  comprehensive  as  the  author  desire.!  but 
jthcy  may  prove  of  service  to  other  investigators  and  they  are  now,  in 
Iciinsequence,  put  on  record. 

I— Fre\  iot;.s  Obskmvation.s. 
In   1899.  Walbaum'  studying  the  muscle  of  rachitic  children  for 
evulcnce  of  fatty  degeneration,  came  to  the  conclusion  that  fat  could 
l.rcur  m  the  muscle  tissue  independent  of  any  pathological  condition 
III.  the  latter  part  of  his  work  not  only  did  he  find  fat  occurring   in 
Imuscle  which  was  apparently  normal,  but  he  was  also  able  to  demon- 
strate a  more  or   less  definite  relation   to  the   cross   striation      This 
Hatter  was  especially  evident  in  the  eye  muscles,  in  which  the  size  of 
Ithf  fat  droplet  was  pn.portional  to  the  width  of  the  striation.     Using 
l-Sudan      III     and     H.imafoxylin     staining     Keinath*     found     large 
ilroplets  of  fat  in  proximity  to   the  nuclei  of  the    muscle,  and    fairly 
constHntly  groufied  ab<,ut  either  of  their  poles.     In  the  striated  muscle 
fibres  of  animals  in  almost  every  ca^e  fat  ar.anged  as  droplets  in  longi- 
jtudinal  rows  between  the  fibrils  was  distinctly  di.scernible  and  in  the 
fcnuscles  of  the  gort  and  dofj  the  fibrils  themselves  contained  fat  in  the 
rnrm  of  very  fine  granules  but  in  varying  numbers  and  sizes  and  with 
-u  defnute  arrangement  that  could  be  recognised.     In  human  muscle 
Vliich  was  normal,  and  in  the  pathological  where  the  structure  of  the 
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rthr.l    «^,  ,  ,,|  ,Jp,|r„vrd  hf  ..NdiMe.!  «lmtUr  rr,.,lt,   ^Hl»  iit  no  r^tr  w« 
h..  Mblr  lu  f|(«:Mvrr  ih«t  Ihr  f .(  U-re  *„,  „,Uii..„  *h..trvcr  to  the  cnn, 
Mriation, 

Of  Ihr  miiUM'  ...«,«lfii„H,  ..fthr  mii^rlr.th.-  ..„ly  rlrinrm  wh.K^ 
.li.'rihuH..,,  hi,,  fK.„  ,|,Ml(r,l  ,ni.  r.K  hrmU^II).  I,  ,h,i..„„„„     M^.^n,,,,, 
h4,  ,hrw„  ih*.  .h^  ,411,  .^  Ihi,  mH^I   ,H.„r„  ,  .lofi,,,,.  ^rMMKemr,,, 
.11  Ihr  hhr.t,    -f   .„u..„„4rt«|    ,iH4lr.l  m.mle.  Mm«    limltr.«    t.,    |»„ 
.l.in  h4...|  .0  the  wi„t{  ,„M,.IP,  of  in«-.t,  .,n,l   eh.-  .  !,,w   m..„lr,  „(  ,h 
rM>fi,h  l>..t  th.-  ,Ml«„i„m  r...Kti..M  ,...,  ,n..„  m.ukr.l  „,  th.„r   /,.„r,    ',  . 

t hr  .Inn  hMM  I  uhuh  ..M-  ..,h„.r„t  ...  .hr  li«h.  »h,„,N       I„  Xht  c Mr,.,|  i 

fit.r,I..M.he  Mthrr  h^u,|  hr  fi,.,,..!  ,h4.  thr  ,„..„  ,„..rk...|  rr..„..„  r  J 
M..t4«i...n  w„  Kivn  bv  th.-  cr..tr.l  ,.,„r  .,f  .h.-  .|„„  h,„,|  Wh,,,  i 
h..«rv..r  thr  ,K-or,r,tion  ..f  ,hc  re^u'rot  ,thr  hr^^-nitrifr  of  cob«l,  h,.,|  I 

,o,  u,m.    „   ,.r,lv  Ihcre  ......r,  .,  ,c.li„rih,.,i f  ,hc   ,..,«„i„m   ,.In 

n  the  fibre,  ,„-|  („  c.,„«.,,ua.re  Ihr  ,H.,a,M„,„  ,lcm..,„.ratr.l  w«,  ,.,m.. 
.mr,  M,  thr  |„-h.  ban.U,|..nraml  -metJ.m-,«|.,„K  .hclim- of  ,r,«rHti..., 
»ici»wi  two  adjacent  liyht  and  .litti  ban.U. 

II  -TiiK  l/x  \i.i/\Tin!M  Of  Tiir  Fat, 
To    sh.uv  thr  mirr.Hhrm.VHl  .li>tribut.on  „f  f,„   ,(,0  .-...,„,   ..     i 

>v*.  sr.ric.  K...,. .  ...i,.  ,.,.„„„„ ,..  ,H,  ret...  c ;;. 3  ; 

....H.c,l  .„  rom,K,„-,i,„.  „„,  ,,,,,^,,ie,,  an,f  bv  whom  it  wT    d  .s. 
...    h.  .r....p  o n^i^.,..,  ,„,„,^  .,.„|aU,  which  aUo  inc^lt 
III       It  .H  ..  Holubic  ,„  water,  alkalic,  a.ul  aci.N,  with  thr  evcentin,, 
-..rrntrateH  ,ut,,h..ric  ac    J  with  which  it  ,ivc,  a  blur  cU^  "'u        ,„ 
H^co^o,  a.ul  „  ..aHily  ..is,olve.l   i„  the  fat.      It.  action   is  '.:  ^^^  , 
m  re   cxtens.ve  than  o>mic  acid,  which  react,  ..niv  with  .nZ^Z 

the  fats,  whereas  the  osm.c   ac.d   may  be  ,econdari!y  reduce.!  b-    -ub 
,U.nce,  other  than  the  oleic  compound,,  and  the  resnl.i..,  b    cV  uc^ 
.tat  •  -nay  reprr.ont  more  than  the  distribution  of  the  fat  ^     Milhad  , 
t;^::;'r  T""   '^  ''■'  '^'^  ^'^^  •'  ^-""^^  -  the  inlnfrere 

fore  thr    tainin,  u"    ''  ''^"^"-"v   ■"^RliKiblc  and.  thr,- 

hit'  H  r  '"  "  '•''>"''■"'  '■''^''  'f'""  ■*  chemical  one  l„„ 

that  ,n   order  to  be  soluble  i„  ,hr  fat   the    molecule    of   ,1„.    ^,, 

-mpou,ul    must    have    a    characteristic    chemical    composition       T 
acd  crv  stais  sta.n  w,th  some  difficulty  by  Scarlet  Red  a-ui 


f  •#«•♦#  I 
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m-,.,i  ,  „r  .h,  cryMd,  f.il  ...  „u.n  ,,..„  .-.! M,,X^^  ^'^ 

,.v.,..  Che  phHc.l  e„.U... ,  ,„  ,H.  „,.„,„,  .,,  ,h,  (J     .nte  ,1 

h^hcr'cUhn,  „ut  ,  ,..lution  ,n...|.  w(,h  ;o  ,.cr  c.n,    aUoh.l  V./hc 
Mr.»luce.l  bc„er  rc,ul„  i„  .  ,„ud.  ,.,..,..  .kh-.I  ,.f  ,„„.     Vl.we  . 

.-•■♦kii.K.  the  Mfne  timet.,  ifivc  Ilk- rcull.  "M"tf4tivel> 

Hcfore  u,in«  the   ^luti-,,    .,|    ^.,i„.„„    ,h,„.,,,    ,,.    ,..,„.,^.^ 
hi.r.t......     A.,>-  cvce,.  of  the  „.i„  .„.„   ,h.  .,,hcl  off  with  .  ,'  .1  eH 

n.^  .^"-e  ...e  .h.ch  .:';:.:r;:r:;;::;:;;:;:— ;^ 

..f  .he  fibr.l.  ,n.|  their  greater  -Icvelo^ne....  |..  „.,„,'  ca«,  ,re" 
HSU.  ..«  u,e.l  wh.lc  m  other  ex.a-riment,  the  ,nu,cle  w.  "",.,, t 
xe,  H.  4  per  cent,  formaline  or  a  5  ..r  ecu  ,ol„,.o„  of  .  hlora  ^  ^.J 
reviousy  to  be...,  placc.l  i„  .he    Scarlet    Kc.l,    the    hbre,    .nu  .    l^ 

h..ro..,hl>  ,c,.ara,e.    ,0  ,,  ,.,  f,,i,,,.,,  .^e  ....ctra. of  .hJ     l'    ^ 

I  '  fvcry  part  While  a  rcacti-.n  obtains  i„  .,.„  ,..  r.ft  "'^"'♦^•''"' 
a,.,.ar,  only  in  the  larger  fat  .iropfc.  ...  .I  ,"'"7  "■""""» 
t. .  .h.  .ainin«  «..i,,  an.l  the  ,..  L.ilt.  botJ -.."X  il  ^  '^i:":;:;^': 
ucrc  obta.ncl  by  leaving  the  tissue  in  .he  solution  for  fiv.  cU  V Vh^n 
albwcd  to  remain  l..n,a.r  than  .his  in  ,h«  staining  fluid  no  futh" 
trace  of  fa,  was  reveakxl,  and  apparentl>.  the  reaction  wa  lut  a  " 
«a>  increased  '  '  •*"y 

When  muscle   fibre,  treated   according  t..   the  meth.^ls    outlined 
.ib..ve  are  examined  microscopically  the  fibrils  are  seen   to   be  ,  In, 
v<r.ely    marked  by    bright   red   bands,  occurring  at   re.ula     ^.terv" U 
.l.n.u«hout  the  entire  length  of  the  fibre,  an,l  tnder  a     i^h  mlifi 
cation  these   striatiuns  are  found  to  be-  l-u.u  1  1  '"^KmfJ- 

:;" -■  -^i'"  H„e  a,,.,  .w  hL:r.,c'^:r  L';™t.;;';,:  :■" 
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the  centre  of  flit  ilim  band  and  another  on  tither  side  of  this  at  its 
upper  and  lower  borders.  In  some  case  Ilenscn's  line  ap()cars  as  an 
excecdini;ly  (In.-  faintly  colored  thread  (Fig.  3)  and  as  the  particles 
which  ronipose  it  arc  often  fine  as  to  be  only  discernible  in  the 
ultramicroscojK.-,  some  conception  may  be  had  of  their  minute  size. 
In  many  cases,  however,  the  line  apjwars  equal  in  width  to  those  on 
either  side  of  it  (FiRs.  4  and  5). 

That  this  substance  is  undoubtedly  fat  is  shewn  by  the  fact  that 
the   fat  solvents  reaiiily  remove  it  from    the    fibres    and    if  these    are 
employed   previously  to  the  staining   of  the   tissue    with    the   Scarlet 
Red    either    no    indication    of   the    reaction    appears,    „r   one   „f   very 
much  lessened   intensity  deiHrn.lin^;  on  the  time  the  solvent   has  been 
in  contact  with,  and  how  readil/  it  has  penetrated  the  muscle  fibres. 
For   the   purpo^^e   of  demonstratinj,'  this,    muscle   previously   fixed    in 
formol  was  tre.iteil  first  with  70  i)er  cent,  .ilcohol  for  four  hours  then  with 
absolute  alcohul  for  twelve  to  twenty-four  hours  and  finally  with  ether 
for    from    twent.x-four    hours    to   one    week.     The    preparations    were 
afterwards  repeated!)'  washed  with  alcohol  until  every  trace  of  ether  was 
rem(ncd  from  them.     Subsequent  treatment  with  Scarlet  Red  fails  to 
reveal   any  trace  of    a  colored    striation    if  the  tissue  has  been   suffi- 
ciently teased  to  allow  a  comi)lete  penetration  of  the  ether. 

Where  the  tissue  has  not  been  thoroughly  separated,  although  the 
muscle  has  remained  in  the  ether  for  several  days,  the  fat  is  not  com- 
pletely dissolved  out  and  the  fibrils  give  on  treatment  with  Scarlet  Red 
a  reaction  characteristic  in  its  distribution  but  of  a  much  fainter  colour 
Thf  tnial  extraction  of  the  fat  occurring  normally  in  the  mu.scular  tissue 
IS  as  Hogdanow"  has  shewn  very  dtflRcult  to  obtain,  fic  found  that 
even  aft<T  repeated  extractions  in  a  Sohxlet  apparatus  with  ether 
he  could  obtau)  a  reaction  with  osmic  acid  in  the  muscle  fibre. 

When  the  m)()|.lasm  surrounding  the  fibril  has  not  been  removed 
by  the  teasing,  it  stains  a  deep  homogeneous  reddish  orange  (Fig  2» 
which  apparently  indicates  a  diffuse  distribution  of  the  fat  in  that 
.structure. 

The  distribution  of  the  fat  is  not  constant  in  any  one  part  of 
the  fibre  alone.  Most  f.equently  it  appears  in  the  dim  band  but  it 
may  occur  only  in  the  light  band,  and.  occasionally,  simultaneously 
HI  both.  This  variation  seems  to  be  intimately  connected  with  the 
activity  of  the  muscle,  i.e..  whether  the  muscle  is  in  the  restinir  or 
contracting  stage. 
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In  the  majority  .,f  the  preparations  stu.lie.l  the  reactio,,  is  co„fi„«l 

to  the  (hm  ban<    uh  ch  is  tmrb»,i  v,  i     i  •"-"""  's  connncd 

I   umcn  IS  marked   by  rc},'ularly  occiirriiiP  lo.u'itiKlinal 

l.-u-s  of  a  be-  ulcl  character  (lM,s.  7  and  S,      T,,,  .Iropl^s  a  e  div 

nf  .n.f;.rm  sue  a„.l  depth  of  colour,  an.l  in  s.-nu-  ins  a„ce    the    "  n 

...K'a>,ated  n.   the    outer    .ones   of  the   .lim    band,    leaving,    a    na  ,^ 
space    nnmediateiy     n    the   centro    „{  fho    k      1        i-  .  "«irro\v 

r-  from   any   trace  of  the  ^^tt.  •:,';;"''::' T-  '^    ^''^'"""^'^ 
th..  ..t  .owards  the  poles  of  the  dim  b.        n    '  ■  Lt  n  J  ^  ;::r""    1 

'.and.     The  striated  character  o        e  "::t  L.    i  "  ."t      ^   ''"  ""' 
.he  fat  ..currin,  in  the  h'^ht  as  ..11  as  i  „M  ■^-  ;^^^-'    '■" 

.re  visible  in   both  cases  and  thcv    .iw  .v  ^'"■'  ^'"""'*^-'' 

A.n..n,  those  fibrils  which  hi.  t  n '     4     .^n;:;'    ""^'''''''r"  '"'- 
Kcl  fur  five  or   n.ore  days  occasional!        ",'"''"  ■'^''' 

represented  in  Fi...  ,,    where  i  .-r.,  ,'     *■"   "'''''   ^   ""'"^^   «^ 

in  .h.  H.ht  band.;„d  a;;!:::^  ^  i  tii  :r;t' ''  'T"-  -''--' 

tl>e  ,iim  band  markin,  ,hc  position  o  Z:  •  '  f  ",  h",'  "^""T"  '" 
K'ranular  character  which  is  so  distinctlv  m  rk  in  t  ,  ■'  I^^'X^'T' 
'"a.ntained  in  the  reaction  alo„,.  Uense"  |n  ,  /'""  ''""^  '' 
.l.e  li,ht  band,  extending  hori.ont^ly^^^  ,  uju^-  T''  "' 
..arrow  space  devoid  of  any  coloration.  ^  "'  ''""'  ''  •' 

orthet;t:b;:^ned^rm;hi;eir'''^T'fr 

a...  of  contraction  X^  r  tiir^r^^;.:-  ;"""• 

^tained    red    ..ar  ul     t^^u"'  '""''"T  '".  "'"^''"^^  ^^'''"'  ''^^^  ^'-P^" 

-ne  on  either  side  o\t      I  'th'"'  '"  '°"«"-''-"'"  '■--  in  the 

tracted  the  dim  bands      ew     n         'Tff^  '"^'  "'^"  ""  '^'^^  '^  — '- 

i  ''--^atingranuIesarran^edLlcI  hi  bo   ;■"  T""'  ^'^''^  '"  ^"'"^  -■"' 

I  ri.eass.nption.therep!;:  ifS"::;;;  ;-Xr^V'^'^^ 
fats  in  complete  relaxation  and  Im,.  u  th^    ^c         1    ^''■^^"'^"»'«'"  "^  the 

-  ^-....s  intermediate  sta.es  a^  i.;;!^::^.:^-  ^^^t" '  ^■"' 
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Results    quite   similar   to    those  obtained  with  Scarlet   Red  wen- 
obtained    also    with    another    fat    staining  reagent      J.  I.urrain  Smith  ' 
after  a  someuhat  extensive  study  of  the  action  of  the  <lifferent  basi. 
.lyes,    inclu.linn    Meth>  I    Violet,    on    fatty  acids    and    numerous    fatt^ 
compounds,  concluil'-d  that  the  reaction  between  the  fat  and  the  dy'r 
which  he  obtained  was  due  to  the  formation  of  a  colored  ^oap.       I,' 
that  case  Methyl  Violet  should  demonstrate  in  muscle  tissue  the  sam. 
.listributiou  of  fat   as  was  .,bserved  when  Scarlet   Red  was  used  an.' 
to  test  this  a  number  of  experimental  observations  were  made      Part  .  f 
the  muscle  tissue,  which  had  been  previously  fixed  in  4  ,,er  cent   form-, 
IH.  or  5  per  tent,  chloral  h><lrate  solution,  and  from  which  fibres  treate,' 
with  Scarlet  Red  gave  characteristic  results  as  described  in   the  fort' 
going  pages,  was  stainc.l  in   Methyl  Violet.     The    result  was  in  ever\ 
way  comparable  to  that  obtained  with  the  Scarlet  Red  except  that  i^ 
these  latter  experiments   the   fats  were   colored    violet  instead  of  re,' 
When    tissue    fixed    in    absolute   alcohol    was   used,   if  the  fibres  wer  • 
thoroughl>-  separated  a  very  faintly  c.l.jred  reaction  resulted. 

It  was  further,  found  that  if  the  fibres  were  left  in  ether  for  severa' 
days,  (using  a  technique  in  every  way  similar  to  that  already  mentione.i 
in  the  Scar  et  Red  experiments  with  ether  extraction)  and  then  staine.l 
with  the  Methyl  Violet,  the  fibrils  where  they  had  been  sufficientlv 
separated  by  teasing,  shewed  a  pale  mauve  colour,  bareh-  perceptible 
in  the  striations.  The  Methyl  Violet  undoubtedly  stained  a  substance 
with  a  distribution  analogous  to  that  which  gave  a  reaction  with  tl-c 
Scarlet  Red  and  which  further  was  soluble  both  in  alcohol  and  ether.  ' 

Whether  other  constituents  of  the  muscle  fibre  which  are  soluble  i^- 
ether  stain  with  Methyl  Violet  cannot  at  present  be  determined  One 
compound,  creatin,  present  in  the  dim  bands  is  soluble  in  water  and 
alcohol  but  IS  not  soluble  in  ether  and  therefore  it  does  not  plav  a  o.rt 
in  the  fixation  of  the  dye.'"  ^  ^      ' 

That  Methyl  Violet  does  stain  fats  very  deeply  was  shown  ,„ 
the  case  of  ecithin.  When  glass  slides  were  smeared  with  a  thin 
film  of  this  fat,  treatment  for  a  few  minute.s  with  a  solution  of  the 
dye  gave  an  intensely  deep  violet  coloration.  When  similar  filnn 
were  treated  with  solutions  of  Scarlet  Red  the  resulting  red  stii-, 
was  equally  intense.  With  other  fats,  e.g.,  olive  oil.  the  reactions  were 
similar  and  as  pronounced. 
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UI-TmE  L0(  ALI/ATKiN  ANI.  TIIK  DlSTKIIlfTION  OK  TIIK 

Ciri,okii)Ks. 

In  the  various  analyses  ^f  the  inorKanic  constituents  of  muscle 
ir.m  different  an.niais  there  is  shewn  a  markcl  variability  in  the 
..m.nnit  of  the  chlorides.  This  chloride  content  is  especially  hiuh 
H.  the  nnertebrates  and  Henke"  found  on  estimation  of  that  mineral 
n,  Octopus  as^much  as  3,-97;  Krams  in  ,00  parts  of  the  dried  muscle. 
It  ,s  remarkable,  too.  that  in  the  table  of  percentages,  which  Kat/.'^  mves 
as  the  result  of  hi.sanaly.ses  of  various  muscle  tissues,  the  quantitative 
amount  of  chlondes  m  invertebrate  muscle  is  s.,  much  L'reatcr  than 
that  in  the  muscle  of  the  vertebrates. 

The  salt  water  .shell-fish  e.xamine.l  by  him  gave  ,.3477  i-er  cent,  of 
chlorme  (dried  mu.scle)  m  comparison  with  00935  per  cent,  and  o.UK 
|.er  cent,  which  represent  respectively  the  minimal  and  maximal 
amcnints  obtained  from  the  vertebrate  muscle.  This  excess  cannot 
be  explained  wholly  by  the  fact  that  chlorine  forms  one  of  the  pre- 
ponderating elements  in  the  medium  in  which  they  live  for  if  .so  a 
similarly  high  ,^rcentage  would  be  foun.l  but  was  not' observed 'in 
the  muscle  of  the  marine  fishes,  which  he  analyzed. 

In  all  estimations  of  the  chlorine  content  of  muscle  it  is  a  question 
whether  any  or  all  of  the   chlorine    found    Is    localize.l    in    the    fibre 
""u'l'''!*""r"'  •^*^^°'^'^"ia  and  if  within  the  fibre  in  what  portions  of 
each   hbril.     The  observations   now   detailed   bear  on   the    latter    part 
of  this  problem. 

The  method  of  studying  the  distribution  of  the  chlorine  of  chlor- 
Kies  was  the  same  as  that  already  u.sed  by  Macallum  and  Menten  "  to 
shew  the  distribution  of  the  chlorides  in  the  nerve  fibre,  and  a  detailed 
.lescription  of  the  method  appeared  in  the  account  of  that  work  The 
rea-ent  used  was  a  decinormal  solution  of  silver  nitrate,  to  which 
was  added  enough  of  nitric  acid  to  give  the  reagent  1.5  per  cent,  of  the 
acid  The  reagent  must  be  prepared  with  water  free  from  any  trace  of 
chlondes,  and  the  tissue  should  be  teased  with  glass  or  quill  points 
to  preclude  the  possibility  of  any  contamination  with  the  same  im- 
purity. 

To  obtain  good  re.sults  the  fibrils  must  be  completely  separated  as 
the  reagent  penetrates  the  tissue  comparativelj-  slowly  when  in  a  mass 
i  he  best  preparations  were  obtained  after  an  immersion  in  the  nitrate 
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solution  for  three  days,  hut  usually  a  few  hours  suffictd  to  jjivc  form, 
showing  t)  pical  distributions.  **  ™ 

UlK-n   suffiuently   acted    upon  by  the  reagent  the  muscle  fibres 
were  mounted  d.rcctly  on  a  slide  in  50  per  cent  glycerine,  and  placedTn 

fn  :       "';    K  K     :  •'^^r^'/"""'     '■"^^•^  ""'  ^'"^--  •-"->     fibre 
nsect.s  u  h,ch  has  been  for  four  or  five  days  in  contact  with  a  solution  o 
the    s  iver    n.trate    conta.nin.    nitric    acid,  and    then    exposed    to  "h 
sunh.ht  shew,  the  hbrils  marked  by  a  transverse  striation  similar  to  tia 
.^ta.nH    .n    the    preparations   demonstrating    the  distributio:  o     tt 
fat.     The  striae  are  granular,  of  a  deep  brown  colour  an.l  they  occur  at 
reg.,  ar  nUervals  throughout  the  entire  length  of  the  fibre  ,  Fig  ,6       h 
add,fon    to  the  deeply  colored  brown  precipitate  a  diffu.e  react  on 
frequently  nofced    n  the  light  ban.ls,  perhaps  in  part  due  to  a  Zrc 

zrlr^h^h;;: -d:!'"^  ""^  -"•  -'  ^  --^^-^  ^'-^^  -^^-^ 

That  the  chlorides  are  not  limited  to  the  peripheral  layers  of  the 

fibre,  extend  in  horizontal  planes  across  it.  mav  occasionaH  -  h 

observ    i  ,     favourable  preparations  ,  Fig.  ,8,      The  gra'u"    cha    eter 

of  the  precpitate  is  distinctly  recognisable,  individual  gramdes  1^" 

eaddy  discernible.      On  careful  examination  the  division  in  o  d L  a  S 

kh     bands  .s  easily  distinguished,  and  the  chlorides  are  sea  To  be 

ocalLcd  ,n  the  dim  bands.     At  its    upper  an.l  lower  edge" near  th 

junction  with  the  light  bands.    The  reaclion  in  this  part  of  the    bit' 

very    mten.se,    .nd  on  prolonge.l  treatment  with  siller  n  [rate       it 

stnation  frequently  appears  also  in  the  dim  band,  b      thi     s  of  a  muTh 

fainter  colour.     This  additional  striation  lies  exactiv  n  1 1^  cenLe  oT 

band,  marking  the  position  of  Hensens  line  (Fig.  ,7).  ^' 

Although  the  mu.scle  tissue,  unless  in  a  finelv  ,);.,;^  a 

ver>-  slowl>.  penetrated  by  the  rea.ent  the  L.M  '""'^""'"'  "^ 

K  1  •  ■^         icrtgent  tne  reaction  mav  occas  nnaii.r  k 

observed  m  a  considerable  number  of  contiguous  fibres  whk    hi    ^      ' 
been  separated  and  in  these  cases  the  strit  aooLrTs  7  .""' 

horizontally  across  several  fibres  .Fi,'  Jg)  '"  "'''"^'"^' 

The  distribution  of  the  chlorides  in  the  dim  hAnrI   h 
readily  demonstrated  in  the  win-,  muse  es      T^.     ^i'    rr"""'  "  "'°'' 

..u,         tiK   fibre,  but  a  careful  examination  reveals  the  fact 
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that  there  is  an  interruption  in  the  light  ban.l  which  rarely  contains  any 
of  the  .larkeneil  subchlori.ic  of  silver  Kach  stria  is  composed  of  fine 
granules,  which  are  the  colored  particles. 

The  chlorides,  however,  are  not  always  confined  to  the  dim  band, 
and  although  amongst  the  preparations  studied,  this  seemed  to  be  the 
distribution,  which  most  frequently  obtained,  the  reverse  picture  is 
often  met  with,  the  chlorides  being  agRregated  at  the  junction  of  the  light 
and  dim  bands,  while  the  dim  band  itself  appears  comparatively  free  from 
any  reaction.  In  Fig,  22.  for  example,  the  silver  salts  arc  shown  massed 
al.)ng  the  upper  and  lower  border  lines  of  the  light  band,  and  only 
a  few  scattered  g.anules  of  a  faint  colour  appear  to  lie  in  the  dim  band. 
Fig  21  represents  the  chlorides  occurring  simultaneously  in  both  the 
light  and  dim  elements  of  the  muscle  fibre,  and  while  the  greater  part 
of  this  inorganic  material  appears  in  regularly  distributed  vertical  lines 
in  the  dim  band,  frequently  these  lines  are  continued  into  the  hVht 
band.  ^ 

Since  the  reaction  may  be  well  marked  on  the  borders  of  the 
light  band  and  the  dim  band  be  devoid  of  any  coloration,  and  vice 
ver>a,  the  result  can  hardly  be  due  to  a  redistribution  cau.sed  by  the 
advance  of  the  penetrant  acid  being  more  rapid  than  that  of  the  silver 
nitrate  for  in  these  cases  a  diffuse  reaction  also  occurs.  Hence  it  is 
inferred  that  there  is  an  alteration  or  rearrangement  in  the  disposition 
of  these  salts,  which  has  some  definite  relation  to  the  activity  of  the 
muscle. 

it    can    scarcely    be   doubted    but   that   these   various   striations 
represent  the  arrangement  of  the  chlorides  as  they  obtain  in  the  living 
muscle.     It  is  true  that  stria:  may  result  (as  in  the  Boehm-Liesegang 
phenomena)  from  a  uniform  distribution  of  inorganic  salts  in  solutions 
of  definite  consistency  as  has  been  experimentally  shewn  by  treating 
mixtures  of  albumen  and  of  gelatine   in   glass  tubes   or   plates  with 
cortam  silver  salts  and  then  exposing  the  preparations  to  the  sunlight 
In    these   cases,  however,  the   stri;e   and  the  interstriate  zones  are  of 
varymg  widths,  being  wider  and  less  sharply  defined  as  the  reaction 
progresses  in  the  direction  of  the  line  of  diffusion  ;  also  the  depth  of  the 
reaction  in  each  gradually  decreases  Irom  the  central  point  peripherally 
In  the  muscle,  on  the  other  hand,   the   tone   of  reaction   throughout 
the  mdividual   fibres  is  constant  and  the  striations  are  sharply  defined 
U  hen  variations  in   the  width   of  the   stria;   do   occur   thev  may  be 
explauied  as  due  to  the  differences  in  the  width  of  the  dim  bands 


I* 


T« AN* ACTION*  0»   T»m   CaMAOIAW   InsTITUTB 


(Vot    Vllf 

at  the  moment  of  fixation.  ^''X  «:'<"'i"ig  m  the  fibril 
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Potassium 

the  distribution   of  thit   c\SZ  \     ^  '^^a""«"i '«  in  his  work  on 

even  a  mnu.te  quantity  of  potassium  cither  free  o^  in  ?•  '^"'  ""'*" 
-1  oran,e->ei;o>v  precipiute,  which  is  e  .  e  ;  ,no  "m  T^".'!,'-'" 
ammonium  sulphide,  after  the  tissue  has  Jc 71^  '  H  r  '  ^'  ^"^ 
of  the  uncombined  cobak  s  It      Th.  m.T     ITT        ""  •"''">'  ^'""''^ 

the  distribution  ..f  the  iLi;:^^:^^:^  ::^^r^ '"^'^ 

reagent  emplujed  was  the  san>e  as  that  used  b'  the  1  '  '"""^^  "'' 
author,  and  full  details  -.r^  „;         •      .  ^         '*''°^''  mentioned 

but  owme  to  its  somp       >,     i  .,  """  composition, 

better  results  Je  e  ub  ,uen  Kr"'?'"'"^'  '"^^  ^^^  '""^'^  fibrils 
third  or  on  -ha  f  o  t  fir  r'c  r',  ""'  '  ^"'"^'■°"  ^""'^'^  ^'^  a 
was  taken  that  e^  ry  ra7„,  he  ■^'^'"^'°"  "^^-^'■"-  -trite.  Care 
removed  from  the  Lue  before  H  r""'""*^;'  -^'-'^  -^^ent  was 
sulphide,  as  otherwise  arL^r  '* ,  ^^^  ^"-^^ted  with  the  ammonium 

bin^lcobalt  sa  t  ^d  the  rde'.H  '^'^  "^'"^  "^'"^^^  ''^  — ' 
preparations  were  .ol^e^^fitt  rr^^l^:'-^. --">'-^-     ^'^^ 

onhr;;:.:::^::;:- ;::;^^;;;:;;;;-^^    potassium -^rms  o.. 

because  of  this  prenondeTan.!  ^^  '""''Kan.c  constituents  and 

chemical   investiX  o  ^h"mV:r:;■r ''' '"'-^  ''''''''  ""-- 
characteristic  results      Maca    ,m  l!  !.     ^"'^^    '""''   ^'■^^'"'^t    and 

definitely  distributed  in  mus       "  rV'^^''  ''^  '''''  ''^^^  "'ts  are 
that  the  cobalt  reagent  ^v      with         T  '""'°''  ^^'  *'^°  P"'"'^^  ""t 
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T"  obviate  the  difficulty  arisinj:  from  this  fact  all  thr  experiments  here 
<ictaile<I  were  carried  out  u|)on  iiisrct  muscle,  which  is  free  from  that 
romiKJund  or  (Kmesse*  it  only  in  infinitesimal  (luantities.  The 
reaction  in  the  tissue  is  in  all  cases  immediate,  the  maximum  result 
bein^j  obtained  in  3  to  5  minutes  I.eavint;  the  muscle  fibres  in  contact 
with  the  rcatjent  for  a  lonjjcr  pcri<xl  of  time  in  no  case  intensified  or 
enhanced  the  results. 

The  tissue  must  be  fresh  and  thorouj;hly  teased  nut.  and  for  this 
l>ur()o.se  glass  points  or  quills  were  used.  The  tea.sed-out  material, 
without  further  treatment,  was  then  placed  in  the  cobalt  solution  for  five 
to  fifteen  minutes,  washed  thoroughl)'  in  ice-cold  water,  and  mounted  on 
a  slide  in  equal  parts  of  jjlyrerine  and  concentrated  ammonium  sulphide. 
The  wing  muscles  of  insects  shew  the  distribution  of  this  salt  in  a 
remarkable  manner  and  throughout  a  market!  resemblance  is  observed 
to  the  results  obtained  with  the  reagents  for  the  chlorides  and  fats. 
The  |)otasaium  as  in  the  case  of  the  two  above  mentioned  muscle 
constituents  may  be  restricted  to  either  the  dim  or  to  the  light  band,  or 
it  may  occur  simultaneously  in  both.  When  the  dim  band  alone  is 
affected  a  longitudinal  striation  is  more  or  less  clearly  marked  (Figs.  24- 
25)  and  this  may  possess  a  granular  appearance  extending  continuously 
through  the  dim  band  (Fig.  25)  or  it  may  be  limited  to  the  two  zones 
forming  the  upper  and  lower  third  of  this  band  while  the  central  third  is 
comparatively  free  (Fig.  26).  The  striations  when  restricted  to  these 
latter  situations,  i.e.,  the  upper  and  lower  tl.irds  of  the  dim  band,  do 
not  pos.sess  a  granular  character,  or  if  so,  it  is  difficult  to  distinguish. 

In  Fig.  24  a  marked  condensation  of  the  potassium  is  evidenced 
along  the  extreme  border  line  of  the  dim  band,  and  also  midway 
between  these,  along  Hen.sen's  line. 

When  the  potassium  is  localized  in  the  light  band  apparently  it 
may  occur  in  the  longitudinal  striation,  an  example  of  which  is  repre- 
senled  ip  Fig.  28,  or  it  may  be  irregularly  disposed  (Fig.  30)  without 
i<ny  trace  of  striation.  An  approximation  to  the  restriction  of  this 
inorganic  material  to  the  border  of  the  light  band  is  occasionally  met 
with  (Fig.  27)  where,  many  of  the  striations  are  confined  entirely  to  this 
part  of  the  fibre.  Such  preparations  afford  conclusive  evidence  of  the 
change  in  po-.ition  of  the  inorganic  constituents.  That  this  redistri- 
bution is  intimately  coimected  with  the  activity  of  the  muscle  seems 
apparent  from  such  fibres,  as  those  represented  in  Fig.  31,  where  a  wave 
"f  contraction  is  advancing  upward  over  the  muscle.     In  the  lower  part 
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of  the  figure  the  ,x,t«,*ium  i,  Nol.ted  in  the  Him  b«„.l.  i„  ,he  u,„*r 
.... tractci  part  ..  .«:cum  i„  the  vicinity  of  the  li.ht  ban.l  an.lt  tee" 
tlu-  tvv„  extremes  the  mtcrme.liHte  grade,  are  obtaineci. 

A,  already  ,nr..liu„cd  a   a.mparisor,    n(  the   distribution    of  the 
orme  of  chlor.,les  with  that  of  ,.otas,iun,  in  .nuscic  reveaT remark 
H    e  .mdaruy  n,  the  dis.K.sition  of  the  two.  hence  the  infcren^eTat  • 
Mrute.l  muscle  they  possess  ..n  anal.^-ous  .h'stribution 

Also  to  be  noted  is  the  ease  with  which  the  fibril  mau  K-    t      , 
across  at  the    ligh.    ban.l.  when    it    is    fr^    fZ   an      r^a  H  r."' 

-ucture  may  become  so  reduced  in  sn:iTi::L^Zj^ 
except  where  the  fibrils  have  become  .livided  tran "  r!dv  "  '  ' 
through  pressure  on  the  cover  glass.  an^ersel)    ,  |  ,g,  aj^ 

V-Tl.K    UlSTKIHUTION   OK  THE  I'llO.SPMATE.S. 
if  fresh  tissue,  after  having  been  thoroughly  teased   fv  I  ft   • 

nitric  acid  the    '  reduced  "  uh.)soh-.t^   w       t.   '  art  treated  with  dilute 


I  ■)■"<•'>  1 


MtcmiCIIKMlaTHV    ..»■    STBIUKl.    Mt'aCbK 


ll 


•"'K  FiK'"-  i2i».  which  illustrate  the  |)h.i,p(ute  rei»cti.>ti,  «ith  Fi^*  i^.jj 
which  reprewnt  the  dittrihiitioti  of  the  chloridcH,  ..tic  may  <letermine 
what  the  localization  of  the  photphatet  u 

Next  to  potawium  the  pluwphatc»  arc  the  most  abundant  inorganic 

co..»titucnt»  of  striated  muscle.     Consequently  the  micr.xhemical  deter- 

mi.iatiun  of  their  distribution  is  imj>ortant.     Invariably  results  analogout 

to  those  obtained  in  the  chloride  an.l  potassium  investiKationv  ^how  the 

distribution  of  the  phosphates  to  be  the  .ame  as  in  the  case    of  the 

chlorides   and    potassium    salts.     A    most    clearly    marked    precipitate 

pjssessinn  a  granular  character  occurs  al<.n«  the  edges  of  the  dim  baiul*. 

and    a    more    faintly   colored    reaction    at    the   central    part    indicates 

llensens    line   (Fig.  34).     This   represents    a  typical  distVibution  and 

when,  as   in  Fig.  33,  the   phosphates  seem  to  occupy  the  whole  light 

band,  it  is  to  be  explained  by  the  fact  th.it  this  structure  has  become  so 

narrowed  that  its  appearance  is  obliterate<l  by  the  juxtaposition  of  the 

lines  of  the  precipitate  which  really  occur  in  the  edges  of  the  dim  band. 

The  ilisposition  of  the  phosphates  in    the    wing   muscle,  too,  bears   a 

striking  resemblance  to  that  already  demonstrated  in  the  case  of  the 

chlorides  and  the  potassium.     Com|)aring  Fig.  28  with  Fig.  37,  which 

respectively  represent  the  distribution  ■,{  the  jiotassium  and  the  |)hos. 

plwtcs  on  the  borders  of  the  light  band,  one  sees  the  sam;:  localization 

obtaining  in  both,  and  further  in  Fig.  22,  which  repre  .ents  the  distribu. 

tiun  of  the  ;hlorides  there  is  an  approximation  to  the  same  condition. 

A  comparison  of  Fi«is.  21  and  35  likewise  reveals  an  analogous 
disposition  of  the  chlorides  and  phosphates  in  the  dim  bam!,  and  the 
p.'tassium  shews  a  strikingly  similar  arrangement  in  Fig.  25. 

Occasionally  in  the  wing  muscle  fibres  there  is  a  tendency  which  is 
also  met  with  in  the  potassium  preparaliyns,  towards  an  irregular 
distribution  of  these  salts  in  the  light  band.  This  departure  from  a 
regular  arrangement  of  these  inorganic  constituents  has  been  observed 
only  in  this  part  of  the  fibril,  never  in  the  dim  band  where  the  precipi- 
tate always  possesses  a  distinctly  longitudinal  striation,  and  usually 
a  definite  granular  character. 

From  the  foregoing  observations  it  is  apparent  that  the  chlorides, 
the  phosphates  and  the  potassium  have  an  analogous  distribution  and  it 
is  justifiable,  therefore,  to  conclude  that  the  definitely  localized  arrange- 
ment displayed  by  all  of  them  is  associated  in  some  wax-  with  activity 
of  the  muscle, 


T»*»i4CTic.»«  or  mtt  Camamam  IwvriTVTa 


IVot,  VIII. 


VI— Tlir  lKf>N  IN  Nft'M  i.»  KlHUK. 

K..r  the  .lcm,.«„Mtfon  of  ir.H,  i„  ,he  mu^rle  fibre,  the  rc«Kr«t 
empIo>e.l  ..,  h..rn«.oxyl,„.  which  h«,  been  ,hcwn  by  M.c.llum  Jo^ 
.  very  ^.H.t.v..  ..„e  to  .letcrmine  the  ,.re^„ce  of  (r.,!.  i„  ..,.  ZrT.ni! 
c.>nb.n«.,on.      When  .oorK-nic  c.mjH.und,  ,re  tre.tcl  with  loT^ 

h*m....xyh,M',  Kive,   the  blue-bl.ck  reaction  „b,.vc  reC  I  U       Th! 

the  tIMUC  WHi    eft  fur    .it     ri«»  Ar»i.«»»    t.  .  """t" 

Th;    .  nitcccn  h.)uri  at  a  temperature  of    ic"  C 

::;■  r '.7,r;;r  l?:':-  ;i:rr'  i'-r'  """•"■■' 

m.nute.     They  were  then  mounted  in  50  per  cent.  Klycen,,;!  ' 

UsinK  the  aqueous  h.cmatoxylin  aiotic  on  th,.  fr^-i.  1      : 

colour  in  the  narrow  li.rht  ban.l      ThV  n..  -""»vvhat  deeper 

yellow    colour    bu,    S    ex    em  -K    T       :T  ''"'""'  "  "'^'^  '''^"•'^• 
throughout, Fig.  .3;,  '       "    ''"''*'■'    «^"""'"   •^^*«<^'^'' 

an  .n^:r:- :a/.t:::^  ;::::;;L-ir  r'T""-'  '^ »-'  -■>■ 

treated    with    the   acid    alcohol    ».  T  u  '  '""^^'^  has  been 

aqueous    h.matoxv         s  iTtt^  !  ,'    '.?'''"'    '"  '**''""K  -'»" 

obtains    n,    the   dt    a  d        ih     '""f  "'''""'  '''"*  '^'"""^^  '^"'^ 

granules   irregulari;  I^  In  ,t     'tC^h  S  InTl  T"^'"'^'^'  ^"^• 
position  of  the  narrow  li..ht  h.n,l  .  ''*''''  occupies  the 

<  Fig.  .4).     In  the       cl  i  th  ^"'\''""'':""'  '^  '">•  ''"P  P^rpU^h  colour 
the'chrtmatin        r  ;:  Z     Z^'  "^  '"'""'^  «P«ially  along 

fibril  is  embedded  i^I^l^    '  b;^  te    •  .^^^r  '\  ^'"'^  '^^ 
colour,  e,ual  in  n.tensity  to  that  ^btai.^:  ilf;;:^^;;  ^l^^^t 
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1  !..•-»  I 


Mti,iiiicH«m*rBv  •!»  itTauTNii  Muacui. 


•; 


reaction  m«nife*te«i   it*    the    Utter    indicate.   •   dlffuie   diuributiuii   of 
the  i>ru«nk  compouiuU  of  irun  in  tital  «tructure 

Since  the  depth  <.f  t..l,.iir  in  vicinity  uf  the  li^ht  tt^nd  appr.^che.  in 
intenMty  that  in  the  chromatin  thread*,  it  i,  infcrre.l  that  the  amount  of 
..r«anic  Iron  in  thii  l<Kality  i»  a  little  le»i  than  in  the  rhromatin,  Since 
h..wcver.  the  material  uHtd  for  thi^  purj).»»c  wa»  rather  limited  in 
■liuiitity  it  i»  |ierha|M  tiein  not  to  in»i«t  t«x)  much  on  an  interpretation 
of  the  phenomena  ot>»erved 

In  conclusion  I  wi.h  to  exprcM  my  sincere  thank*  to  l'rofe«»or  A. 
H  M«callum,  f.-r  <.uKKc<.tini{  the  subject  of  thi«  research,  ami  for  his 
-.(i|.ervi»ion  throughout  the  courte  of  the  inve»li|{ations 
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«    l'hv,u.,..  Phy,i.,.o,.,ch,AhfMl„„,.p    ,,J.  .J^,;*"  ''"  ''•'"'»-•      ■^"•".v    r  An-, 

p..^  vrxrr::;.  u^"  ^'"'"'-  «^  "^^^  --  - .,.,. ;.., .., 

-  'X.^; ;^:r ";nr;. r::;:;;^  •••  -- ^  -^ ... ..  ...„.„. 

>}■  M«c«lluin,  A    H   iinU  Mcmc      u 

OIN  Mnd  Kibr„.     Pro,:  H,,y'.  Soc.'vM    H^-"^'^  ''l'  J'"ribu,i„„  „f  ChloriJe.  i«  N„w 

•  "■  77.  P-   i6j,  1906, 

^  '       '  *"'■  ''.  p.  9^,  1897. 
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hxi'i.AN.xTioN  oi  iKiiKis  ir.i.i'M KA riv<;  rut. 

MK  K(K  IIKMISTKV  o^  STKIATKlJ  .\IIS<  l.i:. 

,«».u«vrMi  «•.!  •h..!,..      fh*  «,.M»   a..|.t>  ..«m».l  ,h«.ih.  .«»U»,„.  |W»M«*.  .,»  ih, 

rig.    i   6  -Th..«,   ««..^,  -B„   «„.,   .„  ,  ,^,  .,„,  ,^^,^^  ^^,   _^ 

rr|'r»MIH»  th«  iwy»|«U«m  •    im».  ^ 

fig    •      WmB    mu..l»,    Tunt^tu    ..A,.„,«        Ki«»d    .,i  i 


(wr  .iifii    lioitothii  .i«iitv,| 


l.uio 


«>    lh»    ttxhl   iMIHi* 


f.B     II    -Uin,    m»%KW.     /#«*„„    .,^,„,       f„,j,„   , 


|wr  .rtil    r.>rnMUn,  >tntii»il 


...one..  .«  V,,,,,    ««,.    ,„    „..«r,.   ,h,»,„,    ,    «hr,    p.,,!,    ,1„,    «..J    ,«,„,  .^^ 
Ir4ii»d   •    looo.  ' 

|wt  ii-iii.  «qu»nM,  hi»m«l»tiiyliii    ««  hour*.        i„m, 

r.r    '4-Th— »  „..„„     H   .      K..,.|   .„    ,p,,,,„,    ,,,„„.„„  ..„.,  ,„,„j  ,.„ 


>.|arou*  hwiiialDiiylin   >    looo. 

Kir.  is.-IV»p»r«ii,m.  of  .i.ni«  .l,.wm|,  ih«  r^o.  .,.„,  (. 
Ill  id.-  nu>  In  "    looo 


i>r  orifaiiu'  iron  wliith  obl«i>i« 


lOcK).  in 

KiK.  .7.-.M»,cl,.   U-..,..     -   AgNO    .  ,  ,  p„  .en,    UNO  .  5  d.„.     Th«  f.imly 
nurkej  rrsclion  r>pr«<«nu  Hrii«<n  1  Lm,.    ,    1  ,,j. 

f.K    .8...M»«:I..    /.*4«,/,r^/«,.a.      .-  A^NO,  .  1.,,  p„  .em    UNO..  4!!  hour., 
.how^if  ""  '"•""•'"■ion  of  -h.  chlorWe,  .M„^  i„  horuonu.  p.,„e  acro«  ,h.  hbr. 


^^*^g'i^'''£S 
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to 
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^r    -O.   -M,M.U..  /„.♦„.„.„.„  ,„„„       _  ^^^o,  .  ..5  per   c.„,.    HNO..  48  ho„  , 
FiK.  io  -\Vi.,«  Muscle  af  CV.„.,;„  .V,r«^fl^„.      _  A^NO    .  ,.,  ,,„  ce.,t     HNO      - 


liayn  "   1000 


K.K   i-.-W.n,r  M«,cl...  \V.,|,.     - 'WNO,  .  1  ,?,,ercenl,  HNO„  j  d,y.  .    ,000 

FiK.  ".-  VinK  Mu,de.  \V,„p      _  A^NO,  .  ,.5  per  cent.  HNO,.  ,8  ho..r,.  ,h.« 

inK.h.di,.r,bu.ionanh.chlo-l.l.......  .1...  ex.  rem*  ..d^e  of, he  dim   band,  ..nd  a.  .he 

border  nfihe  li)(hl  band    .    1000. 

FiK,.    i,Vli.-IVepar».ion,lrealedwi.h  cobah    ,oh,lion,    Co  Na.   (NO   )     and  an, 
inonium  siil|)hi>h'.  '         '-'■,'«.'"■"  am 

KiK.  ij.-\VinK  M»..le,  r.«.^n.  «,./,/„.  Coball  soh.eion  67  ,..r..  ,  ,0  ,,er  cent 
sodium  ..itrale^olulioii,  VI  IWI".  ,^  "liniiles    .    1000.  f^r  ceni 

FiK.  ^4.- WinK  Muscle.  CA^.^a  S.n.Mor.  Cobalt  sohaion  50  part,  .  ,0  per  cen. 
»od,um  „,  n,e  ,oh,„o„  ,0  p.,,,,  .  hours,  shewing  an  aKKre^a-ion  of  po.assium  a.  th. 
border  o.  the  d.m  b.itui,  .indalo.iK  n.-ii,ens  line    v    1000. 

FiK  ^v-WmKMusde,  r.«,6.,V.(M„„r„..  Cobal.  solution  67  par.s  ,  50  per  cent 
.olu.ton  o.  sod.um  ,.,.r,te.  ,,  par,,,  .,  n.inu.es.  The  liKh,  band  in  .hi,  prepara.u"  is  "  i 
narrowed^..,  be  pracicahv  indis.„,Kuishab,e  ex.-ep.    when  .be  fib;es 'bre:;:;Mh:: 

FiK..b.-\Vi„K  Muscle,  A.^.hnu.  Cobal.  solution  50  par,,  .  jo  .H-r  een.  sodium 
malenai.     l.iifli,  band  also  shews  no  reaction    .    1000. 

c.n.'''*'',''~!'""'''"    ''"'""'•   '""'''^'"""   ^■'""•"''•-     Cobal,   solution  .,0 -parts    +    ,0   per 
polsw"  •   '''  """"  '   "°""   ■    '°°''-     '^-""'   "-^   "f  "-   '^-'1  free  fro.,: 

FiK.S.  -Win^,  Muscle,  Tnuh.o  n,ot,tor.  Cobalt " solution.  ,0  parts  ^  «  per  cent 
,od.uu,  n.,r.,e.  ,0  par.s  .,  minutes.  Shewing  ,he  locallza,ion  of  potassium  at  Z\Z 
lions  ol  the  ItKht  and  dim  bands   <    1000.  "aiinejunt 

FiK.  ^a-WiuK  Muscle.  /e,uhn.  ,„oli/,r.     Cobal,  solution.  ,5  hour,.      Reaction  ob 
lainiUK  only  on  the  borders  of  the  liKht  band   V    ,000.  «eatlion  ob. 

*•■'<•  ,10. -WiiiK  .Muscle,  7>«</(,,j.     Cobalt  solution     .-,,..„.       ti      j-      -l 
the  potassium  wholly  in  the  liKh,  band   .^1  '  "  <l"tnbu-ion  of 
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Kig    li.  -Miwrlr,    f.a.kH»U4rHa  /«i,,i.      -  A|jNO,,  «o  linn 


r»    -    I  ono. 


''iK    M— Thorwx  Mimilc.  Hee  ArNO,,  5  iUy»   ■    ic 


N 


Fi(f.  .14.    -Thorax  Musile,  Brr.  A»{N\),,  s  >U>t 


^■iK   .IV-WinK  MuN.  Ic,  \Vas|.  ArNO,.  iR  hmi 


rs    •    1000. 


uM^^lMm 


K,K'.  .16.    -\Vi.,»f  Mnsd...  (-../..w......  AKNO,.hohour«    <    ,„.v,.      Pho,,.tMir»,  .l.v 

10 
inliciUHl  in  rhe  bordfr.  ol  thr  tiftn  l.a>.d  adjacrnl  to  the  liKht  b.i.ids    .    ,ocx.. 

N 
•■'If- J7— Winif  Miiicle, /M»(#fc,»,  ^i//,,i//„.     —  AtfNO,,  4  1  loiithn  x    1000. 
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